To evaluate serum fructosamine as an indicator for diabetic control, serum fructosamine (FRA), glycosylated hemoglobin (HbAlc) and fasting plasma glucose (FPG) were simultaneously measured in 452 diabetics in stable diabetic control. Wedivided the measured FRAaccording to the degree of deviation from the expected FRAinto three types, hyper-FRA, normo-FRAand hypo-FRA. In the hypo-FRA to HbAlc group, frequencies of male (70 vs 35, 43%) and of nephropathy (61 vs 30, 18%) were higher and mean total serum protein (6.5 vs 7.4, 7.4 g/dl) and albumin (3.4 vs 4.1, 4.0 g/dl) were lower than those in the other two corresponding groups. Correlation was also poorer in the insulin-treated group than the others. These results probably reflect conditions of diabetic control and complication, and protein metabolism. Similar tendencies were observed in case of FPG. Therefore, the discrepancy of FRAgives a clue to detect poor control and complications of diabetes.
glycemia (1-3). Serum fructosamine also has been introduced as another reliable index for diabetic control (4-8) . Measurementof serum fructosamine is simple, rapid and inexpensive (4, 9, 10). One of the most important characteristics of serum fructosamine is that it reflects short-term (1-3 weeks) average glycemia, because it has a shorter half-life than HbAlc (1 1). As it significantly correlates with HbAlc or fasting plasma glucose (FPG) (1 1-13), it can be considered a reliable index of glycemic control.
However, a deviation between the serum fructosamine level and that of HbAlc or FPGis not rare in daily practice, and the interpretation is often difficult. Diseases with abnormal serum protein, such as liver cirrhosis, nephrosis and thyroid disease (14) (15) (16) (17) have been recognized as a factor in this deviation, but the other factors remain undetermined. In the present paper, we investigated the clinical features of the patients with a deviation in the serum fructosamine level from that of HbAlc or FPG in diabetic patients at a stable state.
MATERIALS AND METHODS
Patien ts
Among 535 diabetic patients visiting the diabetic clinic of Ogaki Municipal Hospital in May 1988, 452 patients were selected for this study, because their therapies had not been changed in at least the last 3 months and variations in body weight were within ± 1 kg. Age, sex and FRA values deviant from FPG and from HbAlc The average age of the hypo-FRA to FPG group wassignificantly lower than that of the other two groups. Male to female ratio was greater in the hyper-FRA group than the hypo-FRAin relation to both FPG and HbAlc (Table  1) . The blood biochemical parameters of the males and females were compared and are listed in Table 2 ; these were only significant in FRA.
Total serum protein, serum albumin and deviant FRA values from FPG and from HbAlc
Both total serum protein and albumin were significantly lower in the hypo-FRA to FPG group than in the other two groups. Serum albumin in the hyper-FRA to FPG group was also higher than that in the group of normo-FRA to FPG. Similarly, both total serum protein and albumin in the hypo-FRA to HbAlc group were significantly lower than those in the other two groups (Table 1) .
Diabetic microangiopathy and deviant values of FRA from FPG and from HbAlc
There was no significant relation between retinopathy and the serum fructosamine concentrations deviant from FPG and HbAlc. On the other hand, the prevalence of nephropathy was higher in both groups of hypo-FRA to FPG and to HbAlc (Table 3 ). The patients with nephropathy dem- Therapy of diabetes and FRAvalues deviant from FPG and HbAlc Distribution of the three diabetes treatments were not different in the three groups divided by FRA to FPG or to HbAlc (Table 3) . Whencorrelation coefficients between FRAand HbAlc were compared among the three treatment groups, the coefficients were significantly lower in the insulin group than in the other two groups. A similar tendency was observed in coefficients between FRAand FPG, but this was not significant (Table 4) . (Table 5 ). In addition to the protein concentrations, the turnover rates might also influence the concentration of serum fructosamine. This should be considered in diseases such as nephrotic syndrome or thyroid functional disorders (14-17).
Few studies have reported the relation between serum fructosamine and diabetic microangiopathy. Daubresse et al reported that diabetics with microangiopathy have slightly higher FRA levels compared to patients free of lesion, but difference was not significant (5). This probably suggests that the glycemic control in diabetics with microangiopathy was rather poor. In the present study, patients with nephropathy presented higher FPG and HbAlc than those without nephropathy These data suggest that nephropathy influences FRA, but retinopathy does not. This can be explained by a disturbance in the protein metabolism which is secondary to nephropathy. FRA concentration differed by sex and age of diabetics in our study. Several studies reported that serum fructosamine concentration is independent of sex and age in normal adults, but not in diabetics (21, 22) .
Among the three indices of glycemia (FRA, HbAlc and FPG), only FRAdemonstrated a significant difference between men and women.This suggests that the glycemic condition itself was not different between the menand womenin this study. Wecould not explain the sex difference in FRAconcentration by the concentration of total serum protein or albumin. Preliminary calculations confirmed no correlation between age and total serum protein or albumin, and there was no difference in meanages between the menand womenpatients in this study. One of the probable factors which can explain the influence of sex and aging on FRAis the difference in albumin metabolism between the menand women or between the young and the old. A previous report, which used 13 1-1 labeled albumin (23), showed that the average rate of synthesis and degradation of albumin is 0.24 g/kg/day in men (mean age 21.5) and 0.18 g/kg/day in women (mean age 19.8).
Another study using the same method reported that the average rate of synthesis and degradation of albumin in old men was about 60% that in young men (24).
There was a highly significant correlation both between FRAand HbAlc and between FRA and FPG in the present study. However, in the comparison of the three therapeutic groups, the coefficients tended to be lower in the insulin group. 10) Lim YS, Stanley MJ. Plasma fructosamine is a measure
